SYNOPSIS A 36-year-old white patient is described. He received treatment for hypertension and showed slightly increased excretion of 17-OHCS-and 17-ketosteroids but no increase in values for 3-methoxy-4-hydroxymandelic acid in the urine. He was admitted to hospital for a myocardial infarction, which was found to be situated in the anterior wall. During his stay in hospital a sudden increase in blood pressure occurred, together with a typical attack of perspiration, loss of consciousness, and ventricular fibrillation. The assay by 3-methoxy-4-hydroxymandelic acid now showed markedly increased amounts. A phaeochromocytoma was thought to be the most probable diagnosis, but notwithstanding therapy the patient died from cerebral lesions.
Hyperfunction of endocrine glands is generally associated with either hyperplasia or neoplasia of the involved gland. Cushing's syndrome can be caused either by an adenoma or by hyperplasia of the adrenal cortex (Symington, 1969) . Similarly, the question has arisen as to whether adrenal medullary hyperplasia might bring about the same symptoms as a phaeochromocytoma.
Most pathologists as well as clinicians must have dealt with the frustrating situation where a phaeochromocytoma was diagnosed clinically and endocrinologically, as well as pharmacologically, in a patient but no tumour was subsequently found at operation or at necropsy.
Attempts at proving the existence of bilateral adrenal medullary hyperplasia as a clinicopathological entity have appeared since 1933. In this article criteria for diagnosis are discussed and a case fulfilling these criteria is presented.
Case Report
A 36-year-old carpenter, who had been in good health, suffered an attack of severe abdominal Received for publication 19 November 1974. pain. The patient's mother was hypertensive, but was alive at the time aged 58 years. His father, aged 61 years, had suffered a myocardial infarction.
In December 1971 the consultant physician found hypertension, for which Aldomet therapy was instituted. Intravenous pyelography showed no lesion. In the following weeks the patient suffered from orthostatic complaints and in March 1972 he was referred to a medical outpatient department. Blood pressure then measured 200/110 mm Hg while seated, and the pulse rate of 80 per minute was regular. On physical examination the heart did not seem to be enlarged, the heart sounds were loud, and no murmurs were heard. Laboratory investigations of urine and renal function were normal, the blood showing a slightly increased cholesterol value of 323 mg/100 ml. Slightly increased 17-OHCS and 17-ketosteroids were found in the urine. The 3-methoxy-4-hydroxymandelic acid values were within normal limits. Renography showed minimally retarded excretion by the left kidney. Electrocardiograms and radiographs of the thorax showed no lesion. During one of his visits to the outpatient department the patient started complaining of retrosternal pains, which worsened and for which admission to hospital 298 seemed to be necessary in the near future. On 2 July 1972 he suffered at home from a severe attack of retrosternal pain, which radiated to the left arm and back, and during which he perspired profusely and became short of breath. He was immediately admitted to hospital with a diagnosis of myocardial infarction.
On investigation, a white male, still suffering from pain, was seen. The blood pressure was 180/140 mm Hg, with a regular, symmetrical pulse rate of 68 per minute. The central venous pressure was R -2. On fundoscopy, crossings and contracted arteries were seen. The heart was not enlarged on percussion and the heart sounds were not heard. There were no murmurs, but crepitating rhonchi were heard over the lungs on both sides of the back. Electrocardiographs showed signs of a large anterior wall infarction with a lateral extension, together with ventricular extrasystoles of approximately 30 per minute.
Apart from sedatives, the patient was treated with anticoagulants and an infusion of lidocaine.
The blood pressure gradually dropped and became stable at 110/90 mm Hg during the following hours. The general condition improved during the following days, but after nine days in hospital the patient suddenly suffered from an attack of perspiration and became comatose. Electrocardiography showed ventricular fibrillation, which disappeared after lignocaine therapy. Five days later the same kind of attack recurred in spite of lidocaine therapy. On the same day defibrillationwas necessary 13 times and eventually normal sinus rhythm was reinstituted by means of an internal pacemaker. The patient appeared to be in deep coma and had to be connected to a respirator. The following week he became subcomatose. An electroencephalogram recorded on 28 July showed signs of a markedly diffuse derangement of the cerebral cortex. Nevertheless consciousness returned partially and on 2 August his condition improved to such an extent that he could be allowed out of bed to sit in a chair. At first this seemed successful, but after a few minutes he became comatose again, perspiring profusely, while the blood pressure showed a value of 220/160 mm Hg.
Taking into account that the blood pressure had remained about 110/80 mm Hg during the whole period of bed rest but after mobilization this rate of increase was found, together with coma and profuse perspiration, a diagnosis of phaeochromocytoma was considered.
Immediately after admission to hospital the value for 3-methoxy-4-hydroxymandelic acid in the urine was slightly increased (9-85 mg/24h; normal value 1-7 mg/24h). Immediately after the attack that value was extremely high, 22 mg/24h. After some days normal values were again obtained, but a week later increased amounts were found. The coma subsided gradually, but the patient was now aphasic. Based upon the neurological signs brain-stem and cortical lesions were diagnosed. A urinary infection developed as a result of a prostatic abscess.
On electrocardiographic readings sinus-like STelevations were visible in V1-V4 recordings, suggestive of an aneurysm of the heart. Occasionally he showed a tendency for periods of ventricular tachycardia or ventricular fibrillation.
In view of the cerebral lesions further investigation was abandoned. On 26 September 1972 the patient died of ventricular fibrillation.
The final clinical diagnosis was myocardial infarction with an aneurysm of the heart, brainstem, and cerebral cortical lesions following hypoxia, and phaeochromocytoma.
Results of the Necropsy
The following lesions and abnormalities were found: (a) myocardial infarction, anteroseptally, dating from about three months before death, with aneurysmal dilatation of the anterior left wall of the heart, containing a large parietal thrombus; (b) Symington's (1969) value for the postmortem mean weight of a single adrenal as 6 to 6-5 g (Wm). In our institute we found a mean adrenal weight of 12-5 g (both adrenals) in 100 consecutive adrenals (Meyer and de Zwart, 1969) to be in the range 20-47 years. Quinan and Berger (1933) calculated the medullary/cortical ratio (M/C, 4) and found it to be 1:10, or 0-10. Swinyard (1940) found a ratio of 1:12-4 or 0-08 in white males. Dobbie (1968) calculated the same and found 1:5 or 0-20 in the head region, 1:8 to 1:18 (0-13 to 006) in the body, while the medulla disappears in the tail region. The mean ratio then amounts to 1:11 5 or 0-09. Dobbie published a case report of suspected adrenal hyperplasia, but found a normal ratio. The amount of nonmedullary/noncortical tissue, R (3), is not known but we found it to be 26-1 to 27-6% (mean 26 8 %) by our calculations. We have M accepted Wm as 12 9 g, C = as 0-09 (4), and R as 26-8% (3).
Results
The adrenals were sectioned and treated as described. Two facts became evident on studying the 22 slides.
(1) the tails of both adrenals contained medullary tissue, which normally is never found there  (fig 1) ; (2) in the body of the adrenals both alae contained medullary tissue; normally only one ala contains medullary tissue (fig 2) ; (3) histologically definite pleomorphism of the phaeochromocytes was notable with the occurrence of giant cells with pale nuclei and vacuolated cytoplasm (fig 3) . Munro Neville (personal communication, 1973) considers findings 1 and 2 conclusive for the lesion described; finding no. 3 merits closer evaluation, but has been described by other authors (Bialestock, 1961; Montalbano, Baronofsky, and Hall, 1962; Sherwin, 1964) .
Also the amounts of medullary and cortical 
Discussion
The earliest examples of so-called hyperplasia are not convincing (Rowntree and Ball, 1933; Schwab and Denninger, 1952 group.bmj.com on September 21, 2017 -Published by http://jcp.bmj.com/ Downloaded from medulla taken from the body of the adrenal gland. Sherwin (1964) , in a review of phaeochromocytoma, reclassified three of his cases as hyperplasia. He noted the presence of cellular pleomorphism which he believes is a significant feature for its diagnosis, and it was apparent also in other cases (Bialestock, 1961) . However, the large vacuolated cells with a faintly eosinophilic cytoplasm described in socalled medullary hyperplasia (Bialestock, 1961) can be seen in apparently normal glands. The significance of the cellular pleomorphism with giant forms merits closer consideration and evaluation.
Perhaps the most convincing example on clinical and postoperative grounds is that reported by Montalbano, Baronofsky, and Ball (1962) . The signs and symptoms disappeared following removal of the left adrenal gland and a biopsy of the right. The latter was normal in appearance whereas the former weighed 8 g and was said to be hyperplastic when compared with the contralateral gland and with random samples of other glands. Although the authors state that the lesion was diffuse in its distribution, no planimetric studies were undertaken. The illustration shows only medullary tissue in the body of the adrenal gland and, as previously noted, the presence of vacuolated cells cannot be regarded as specific for hyperplasia. Despite these criticisms, the postoperative course and the subsequent return to normal as shown by various investigations on this patient are positive data not easily dismissed. On the other hand, unilateral medullary hyperplasia must be unique and the possibility that the lesion was the beginning of a tumour must be considered. Planimetric measurement which Dobbie (1968) made on a suspected case of hyperplasia of the adrenal medulla gave a normal corticomedullary ratio.
In the case under discussion we had the unique situation that typical attacks suggestive of a phaeochromocytoma were seen in a 36-year-old man, and that during life values in the urine for 3-methoxy-4-hydroxymandelic acid were markedly increased during these attacks. The patient could not be operated upon, because of the myocardial and cerebral lesions, but after his death it was possible to perform a necropsy. We were therefore able to exclude a phaeochromocytoma, either in the adrenals or elsewhere and any other chromaffin tissue in the body. Ectopic adrenal tissue has been described in the brain, but it is most improbable that it concerned medullary tissue, ontogenetically speaking.
The typical attacks which the patient showed during life, combined with the paroxysmal hypertension, indicate the action of epinephrine and/or norepineprhine in concentrations higher than normal during these attacks. The extreme atherosclerotic changes, in general, as well as in the left coronary artery, might have been caused by the increased levels of catecholamines.
The following pathological criteria must be considered conclusive, we suggest, for the diagnosis of bilateral adrenal medullary hyperplasia: a manifold increase in medullary tissue, calculated by morphometric techniques, in this case plus 100%/; the extension of medullary tissue into the tail and the two alae of the adrenals; a possibly disturbed medullary/cortical ratio, but a normal ratio has been found in one case (Dobbie, 1968) . In one case abnormal ratios were found so we consider this as conclusive but normal ratios do not exclude medullary hyperplasia; increased adrenal weights are described in nearly all published cases, and as cortical and medullary hyperplasia coincided in the case under discussion increased weights may be expected.
Histological, biochemical, histochemical, and electron-microscopic data should be considered as supplementary evidence only.
Conclusion
In this paper we think we have proved the existence of a pathological lesion which we here called 'bilateral adrenal medullary hyperplasia', which may cause the signs and symptoms of a phaeochromocytoma. Till now no differentiation could be made during life between the two lesions, but when no phaeochromocytoma can be found on surgical exploration, bilateral sections of the tails of the adrenals can show whether medullary hyperplasia exists. If any medullary tissue is found in these sections (which may be frozen sections), the latter diagnosis is definitely established. Adrenals removed on this indication should be examined morphometrically. The incidence of 'bilateral adrenal medullary hyperplasia' is unknown; by analogy to what is known of the cortex, it should be more frequent than phaeochromocytoma, but this is a hypothesis. 
